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THE HYDROLYSIS OF PHOSPHORIC ESTER SERINE DERIVATIVES 
CONTAINING AMINO AND CARBOXYLIC GROUPS 

[Gidroliz fosfornykh efirov proizvodnykh serina, soderzhashchikh svobodnye amino- ili 

karboksirnye gruppy] 



Summary 



/itx Hydrolyhc stability of O-phosphoserine methylamide (I), N-acetyl-O-phosphoserine 
(II) has been studied. The behaviour of these compounds has been compared with that 
°; 2^ hos P? 08er .L ne , < m > and N-benzoyl-O-phosphoserine methylamide (IV) having bee" 
studied earlier. Hydrolysis has been carried out in strong -acid (1 M and 5,5 M perchloric 
acid), mild acid (pH 1—7) and mild alkaline (pH 7— 12,5) media. The compounds con- 
taning acylated amino group (II, IV) have been shown to undergo hydrolysis readily 
acid medium with no maximum at pH 4. A small Increase in the rate of hydrolysis *i 
pH 4 have been observed for the compounds containing free amino group (I, III). 



Solving the question of the reasons for the high reactivity of the phosphoester bond of 
phosphoproteins involves studying the effect of various functional groups on the hydrolysis of 
phosphorylated serine derivatives. In connection with this, this study concerns the hydrolytic 
stability of derivatives of O-phosphoserine: O-phosphoserine methyl amide (I), 
N-acetyl-O-phosphoserine (II), and a comparison of their behavior with the previously studied 
O-phosphoserine (III) and N-benzoyl-O-phosphoserine methyl amide (IV) [1,2]. 
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Hydrolysis of derivatives of O-phosphoserine and methyl phosphate 
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1 1 
O NH» 


85 


10,1 


6,5 


6,1 


9,1 


0,83 




P(Q)(OH)» 
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CH t — CH— COOH 
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95 


62,5 


39,1 


18,4 


17,2 


t,4 




i(0)(OH> t 
CH,OP (O) (OH), 


100 


2.5 


0,2 


0.1 


13,0 


0,8 



Key: 1 No. 

2 Compound 

3 Hydrolysis, % in 4 h 

4 Kx 10 3 ,sec" 1 



Hydrolysis was carried out at 85-95°C for 4 h in highly acid (1 and 1.5M hypochlorous 
acid, weakly acid (pH 1-7) and weakly alkaline (pH 7-12.5) (solutions). The results are presented 
in the table. As can be seen, the behavior of compounds I-IV differs significantly from each 
other. 

N-Acetyl-O-phosphoserine (II) decomposes by 30% in 5.5M hypochlorous acid at 85°C 
over 4 h, while I decomposes by only 10%. The behavior of the reaction in the strongly acid 
solution makes possible the hydrolysis not only of the phosphoester bonds, but also of the amide 
bonds of I and II. The product of this hydrolysis, O-phosphoserine (III), breaks down by only 
26% under these conditions. Therefore, acylation of the amino group leads to a decrease of the 
stability of the phosphoester bond. It should be noted that IV, in which the amine and carboxyl 
groups are converted to amide linkages, are also very rapidly hydrolyzed in the strongly acid 
solution. These data are in complete correspondence with the existing theories of the mechanism 
of the acid catalysis of hydrolysis of phosphoric acid esters: the presence of the ammonium 
group decreases the basicity of the ester oxygen, prevents its protonation and thereby reduces the 
rate of hydrolysis of I. 
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The rate of decomposition of the phosphoester of all of the O-phosphoserine derivatives 
in the strongly acid solution is an order of magnitude greater than the rate of hydrolysis of 
methyl phosphate. Acid catalyzed hydrolysis is observed for compounds I-IV), but the catalysis 
is significantly less expressed than in the case of the very simple phosphoric acid esters (table). 

A comparison of the behavior of I-IV in the weakly acid solution shows that an increase 
of the rate of hydrolysis at pH 4, which is typical for monoalkyl phosphates, is observed only for 
compounds with a free amino group (I and III). For compounds with an acylated amino group (II 
and IV), which rapidly hydrolyzes in the strongly acid solution, a flattening out of the peak at pH 
4 is characteristic. It should be noted that the rate constants of the hydrolysis of I, II and IV at pH 
4 are similar to each other and significantly lower than III. A possible explanation for the 
elevated reactivity of the monoanion of O-phosphoserine is intramolecular catalysis by 
protonated amine and carboxyl groups. In the weakly alkaline solution compounds I-IV are fairly 
stable. 

The data obtained in this study, which demonstrate the effect of functional groups on the 
stability of the phosphoester bond, may be useful in the discussion of the causes of the lability of 
phosphorus bonds in phosphorus-containing proteins. 
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yjlK 547.185 

C. M. ABAEBA, B. A. CKJ1JIHKMHA, B. K). KOJ1ECHHKOBA 

THAPOJIH3 *OC*OPHbIX 3*HPOB IIPOH3BOAHbIX CEPHHA, 
COJ^EPJKAIUHX CBOEOflHblE AMHHO- HJIH 

KAPBOKCHJibHbiE rpynnbi 

PeuieHHe Bonpoca o npHHHHax awcoKOft peamiiHOHHOft ciioco6hocth (poapoafpupHofl 

CBH3H $0C$Onp0TeHHOB CBH38HO C JlSyieHHeM BJIHftHKJI paSJJHMHHX (pyHKUHOHaJlhHblX 

rpynn Ha rnflpo^H3 cpoopopHflHpOBaHHbix npo-HasoAHux cepHHa. B cbhsr c sthm Ha- 
cTOHiixaa pa6oTa nocBHineHa HccneflOBaHHio rHflpojiHTHiecKoft ycrofiMHBOCTH npoHasofl- 
hmx O-(p0c(pocepHHa: MeTHtaaMOHtta O-cpoccpocepHHa (I), N-aueTHJi-0-<poc<pocepHHa (II) 

H CpaBHeHHK) HX II0B6A@HHft C «3yHeHHbIMH paHee O-<pOC(p0CepHH0M (III) H MeTHJiaMH- 

iOM N-(5eH30Hfl-0-(poc<pocepHHa (IV) [1, 2]. 
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-wt7vtvto7"V0 NO. 4178 

s^^ih npH 85—95° Kerape iaca b GHJibH^^ic 



Sj!S V ~ n ? 3 n P° B W ,H nP« »5-95° Kerape Haca b GHJibiHlicjiofi (1 h 5,5 M xjion 
™™ CJia ? 0KHCJI °fi (PH 1-7) H oiafiomeJiowHOii (pH 7^-12,5) cpeaax. PeS" 

coeziHHeHHH I— IV cyiaecTBeHHo OTJiHMaeTCn ztpyr ot apyra 

n^r,^ aUeTHJI ^S c * oc ? pMHa <") B 5 ' 5 M x/iopHoft KHCJioxe n P n 85° aa serape n* Ca 

" P °S T 3? KOro ™aP°™sa 0-(p OC <poce P HH (III) B srax ycjioBHHx pacna^aercH To"bKo 
wa zo fo . i-JieAOBaTe;jbHO, aummpoBEHiHe aMHHorpynnw npimcwcT k yMeHbuieHHK) vc-roti 

S™7'«? OC ? M * KpHO ' CBfl3H ' Cjieayer 0TM ™. 'to IV, b kotopom aMHHHaa n llt 
GOKCHJibHan rpynnw npeapamemi b a M HflHNe rpynnHpoBKH, Taicsce onem, 6mct P o rHiDo 
nasynnst b cmiuiQKRcjioft cpeae. 3th aaHHbie hhxojuitcii b dojihom cootbbtctbwi c 
cymecTByiomHMH npeflcraBJieHHHMH o MexaH«3Me KHCJiotHoro KaTajiH3a rn^pojiHsa sAh 
po B <poc<pop H oft khcjiotm: npncyrcTBHe aMMOHHftHoft .rpynnbi yMeHbiuaeT ochobhoctl 
r£po I °H3a K I HCJ! ° POAa ' npeiWTCTByeT er0 nP° T 0HH3aunM h tcm csmum CHHxaer CKOpocn, 

CKOpocTb pacnaaa <poc$03(jinp.Hoft cbh3h scex np&H3B0XHbix O-cpoctpocepHHa D 
CHjibHOKHCJiofi cpeae Ha nopjjuoK Buuie ckopocth rn^pojiHsa MeTHJicpoctpara. JXnn coean- 
HeHHM I— IV HaO^ioAaeTCH KHCflOTHWfi KaTa.nn.3 Tnnpontisa, o/waKO oh BbipaweH b ana- 
"(Ta6jiHtta) MeHbIIieft c ' ^e^eH ' H ■ HeM B ^T 1 ^ npocTeftumx acpiipoB (poctpopnoft khcjioth 

Cpa BHeHHe nOBeAeHHa I— IV b cJia6oKHOioft cpeae noKaabiBaer, hto ysejimieHMe 

CKOPOCTH THApO^M3a npH pH 4, THriHHHOe AJlfi MOHOaJlKHJI^OCC^aTOB, Ha6jliOiiaeTCH TOJIbKO 

IMh coeaHHeHtHii co cboSoahoh aMHHorpynnoA (I h III). Rjih coeflHHeHHft c auwjiKpo- 
eaHHoft aMHHorpynnoA (II h IV), 6ucrpo rHApoJiHsyrouuixca b ch^hokhcjio^ cpe^e 
xapaKTepno crJiastHBaHHe MaKCHMyMa npw pH 4. CymecrBeHHO OTMeTHTb, mto KOHCTaHTu 
ckopocth rHApojr,H3a I, II H IV npH pH4 6jih3kh Me^ny coSoh « SHarareJibHO MeHbme, 
I B03MO>KHbI M o6*BHCHeHHeM noBHineHHoft peaKunoHHOfi cnoco6H0CTH MOHOaHHOHa 

U-$oc$ocepHHa CflVXCHT BHVTpHMOJieKyjIHpHbI]& K3Ta;iH3 npOTOHHpOBaHHOft aMHHWOft H 

Kap6oKCHJibHoft rpynnaMH. B CJia£omeJio*iHOH cpejie coeAwneHHH I— IV hb;i*k>tch nocTa- 

TOHHO yCTOfiTOBMMH. 

nojiyMeHHbie b HacTOHiueft pafioxe AaHHbie, AeMOHCTpHpyiomwe BJiHHHHe $yHKUH0- 
HBjibHHx rpynn Ha ycTOflHHBOCTb $oc(^o3(J)hphoh cb«3h, MoryT GbiTb nojie3Hbi npn 06- 
cy^KAeHHPi npHMHH jiaSnjibHocTH $oc4)opHbix cBH3eft b (J)ac$iopcoAep^au;wx GeJiKax.. 
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Summary 

Hydralytic stability of O-phosphoserine methylamide (I), N-acetyl-O-phosphoserine 
(II) has been studied. The behaviour of these compounds has been compared with that 
of O-pho&phoserine (III) and N-benzoyl-O-phosphoserine methylamide (IV) having been 
studied earlier. Hydrolysis has been carried out in strong -acid (1 M and 5,5 M perchloric 
acid), mild acid (pH 1—7) and mild alkaline (pH 7—12,5) media. The cornpounds con- 
taning acylated amino group (II, IV) have been shown to undergo hydrolysis readily & 
acid medium with no maximum at pH 4. A small increase in the rate of hydrolysis at 
pH 4 have been observed for the compounds containing free amino group (I, III). 



